Isoxazol-5(2H)-ones undergo Michael addition to propiolate esters under mildly basic conditions to form N-alkenylisoxazolones, with small amounts of the isomeric C-or O-alkylated materials. The former lose carbon dioxide when subjected to flash vacuum pyrolysis or photolysis, and give pyrroles in ca 40% yields. Minor accompanying products arise from capture of the intermediate carbene by solvent, or from hydrogen atom abstraction.
Introduction
In our study of the photochemical or thermal reactions of isoxazol-5(2H)-ones 1 we have uncovered two new routes for the synthesis of pyrroles from these species. The first was an intermolecular reaction, in which the carbenoid intermediate obtained from the photolysis was reacted with an aromatic amine or an enamine (Scheme 1).
heated, either under FVP conditions at 540 o C, or simply sublimed at 150 o C, the isoxazolone 5 was recovered, together with the Hofmann elimination product ethyl 3-diethylaminopropenoate 7a (Scheme 6). McCulloch and McInnes 14 have reported that triethylamine reacts with ethyl propiolate to give the betaine 8, isolated only in low yield. This suggested to us that reaction of triethylamine with ethyl propiolate to form the acetylide is rapid, and the isoxazolone 5 functions mainly to allow rearrangement to the zwitterion 9 which is rapidly protonated. Indeed, nmr observation showed that triethylamine and ethyl propiolate react essentially instantly in CDCl 3 at 28 o C, presumably to form the acetylide, but the formation of 6a requires 2-3 h for completion.
Scheme 6
Since the reaction of 5 and ethyl propiolate did not occur under neutral or acidic conditions, we examined the reaction in the presence of more hindered bases. Isoxazolone 5 was recovered unchanged after exposure to ethyl propiolate at 25 o C in the presence of diisopropylethylamine, but the formation of ethyl 3diisopropylaminopropenoate 7b suggested the formation of the betaine analogous to 6a had occurred, followed by rapid Hofmann elimination. In the presence of pyridine reaction was slow, and at 80 o C for 3 h the formation of a 1:2 mixture of the desired Nalkenyl product 10 and the 4-alkenyl product 11 was only 50% complete: the remainder was the pyridine salt of 5. The major, C-alkylated product was a mixture of (Z) and (E) isomers, with the (Z) diastereomer predominating. Reaction at room temperature did not proceed with either 1 or 5, yielding only the respective pyridine salt of the isoxazolone.
Reaction of 3-substituted isoxazolones 12a-12e with propiolate esters was less complicated, but traces of O-alkylated material were formed in most cases, but were readily separable by chromatography, which allowed the recovery of unreacted isoxazolone. Yields of N-and Oalkylated material, after chromatography, are shown in Table 1 ; yields of crude product were usually of the order of 75%. The isoxazolones 13 were photolysed through pyrex in acetone, or subjected to FVP, yielding the desired pyrrole 15 as the major product, sometimes accompanied by the isomeric pyrrole 16, presumably formed by prior isomerisation of the carbene intermediate (Scheme 7) . 3 Isolated yields, after chromatography, are shown in Table 2 . Isoxazolone   hν  FVP  hν  FVP  13a  61  0  0  -13b  21  -0  -13c  23  -12  -13d  24  -17  -13e  -66  -0  13f  -93  -0  13g  -19  -0 The pyrroles 15 and 16 were readily distinguishable by nmr spectroscopy, and were generally accompanied by more minor products that were informative of the reaction pathways that are open to this system. Inspection of Table 2 shows that the rearranged pyrroles 16 are formed predominantly with the isoxazolones 13c and 13d, suggesting that electron rich groups promote the carbene rearrangement by stabilising the intermediate 1H-azirine (Scheme 8).
Scheme 7

Scheme 8
The products from the FVP of the 2-naphthylisoxazolone 13d were investigated in more detail, but are typical in that isolated products total ca 70-75%. Photolysis of 13d gave a mixture of five products, as assessed by gc/ms. The pyrroles 15d and 16d were isolated by chromatography, and the structures established by comparison of their spectral data. A third product was characterised as 2-acetylnaphthalene 17 (10%), and another as an acetone addition compound, whose structure remains uncertain (19%). The minor component (1%) was the 4-(2-naphthyl)oxazole 18. This compound is derived from the nitronoketene isomer of the isoxazolone, in an analogous process to that described previously. 3 Three of the other compounds are derived from the imidoylcarbene, the 2-acetylnaphthalene arising from the triplet state by hydrogen atom abstraction from the acetone solvent, followed by hydrolysis during chromatographic purification (Scheme 9). The acetone adduct obtained from 13d is not of the same type as isolated from other compounds. For instance, photolysis of 19 gave the expected pyrrole 20 in only 15% yield, but this was accompanied by 70% of the acetone adduct 21. The sp 3 bound methyl groups in 21 were non equivale nt in the 1 H and 13 C nmr spectra, but the acetone adduct obtained from 13d is an adduct of the isoxazolone and acetone, having lost neither CO 2 nor CO, and with magnetically equivalent C-Me groups. Finally, the FVP products from 13g included the pyrrole 15g in 19% isolated yield; the major product was isomeric with it , but appears to have a pyridone structure, and will be the subject of a separate investigation. We conclude that the above synthesis of pyrroles is limited by the lack of a general procedure to form the intermediate N-alkenyl isoxazolones. The conjugation of an ester with the double bond in these compounds clearly reduces the nucleophilicity of the double bond to the extent that what are usually minor reaction pathways of the imidoyl carbene now become significant. 1 H and 13 C respectively or a Varian Gemini 300 Spectrometer operating at 300 MHz and 75.5 MHz. Infrared spectra were recorded on a Perkin Elmer 1600 FT-IR spectrophotometer using fused sodium chloride cells as nujol mulls for solids and as films for liquids. Mass spectra and accurate mass determination were recorded on a Kratos MS25RF spectrometer. GC/MS analyses were performed on a Varian Saturn 4D GC/MS using a J & W DB5 5% phenyl methyl polysiloxane column (30m, 0.25mm ID, 0.25mm thickness). Centrifugal chromatography was performed using a Chromatotron (model 7924T) with silica gel 60 PF254. All column chromatography was performed using Reidel-de Haen Silica gel S. Merck silica gel 60 F254 aluminium backed sheets were used for analytical thin layer chromatography. All melting points are uncorrected.
Photolyses were performed at 300nm using a low-pressure mercury lamp, filtered by using pyrex glassware. 
Attempted synthesis of ethyl 4-(2-bromo-1-phenylethyl)-3-methyl-5-oxo-2,5-dihydroisoxazole-4-carboxylate (4).
A mixture of isoxazolone 1 (300 mg), Nbromosuccinimide (312 mg) and styrene (187 mg) was stirred for 16 h in carbon tetrachloride or dichloromethane (15 mL). The mixture was filtered and the solvent evaporated to give oil, which contained ca 25% of the title compound as well as starting material. No reaction occurred with cyclohexene under similar conditions. 2-Ethoxycarbonylethenyltriethylammonium 4-ethoxycarbonylisoxazole-5-oxide (6a) (i) Triethylamine (370 mg; 3.66 mmol) was added to a stirred suspension of ethyl 5-oxo-2,5-dihydroisoxazole-4-carboxylate 5 (505 mg; 3.21 mmol) and ethyl propiolate (347 mg; 3.57 mmol) in benzene (15 mL). The solution was stirred for 16 h at room temperature after which time the solvent was evaporated leaving 6a as a white solid (1.12 g; 95%), mp. 128 C dec. 1 (ii) Isoxazolone 5 (51 mg; 0.32 mmol), ethyl propiolate (84 mg; 0.86 mmol) and triethylamine (61 mg; 0.60 mmol) were dissolved in an NMR tube in deuterated chloroform and analysed at 15 min intervals over 3 h. This revealed that the reaction of the triethylamine with the ethyl propiolate was almost instantaneous, with the isoxazolone forming its respective anion much more slowly. Pyrolysis of 6a. (i) Compound 6a (220 mg; 0.62 mmol) was sublimed at 150 C and passed through the pyrolysis column at 540 C. Gc/ms analysis revealed the presence of four products. The most volatile was confirmed to be ethyl cyanoacetate (20%) by direct comparison. The second product (10%) is believed to be ethyl 3-ethylaminopropenoate from examination of its mass spectrum. The third product was compound 7a, (50%), and the fourth (10%) is unidentified.
(ii) Sublimation of 6a at 150 o C/0.03 mm gave an oil, the major component of which was 
Attempted synthesis of ethyl 2-(2-ethoxycarbonylethenyl)-5-oxo-2,5-dihydroisoxazole-4-carboxylate (10)
. Pyridine (5 drops) was added to a stirred suspension of 5 (300 mg; 1.9 mmol) and ethyl propiolate (200 mg; 2.0 mmol) in ethanol (15 mL). The solution was refluxed for 3 h and the solvent was evaporated. The residue was taken up in ether (50 mL) and washed with 2M HCl (2 x 20 mL). The ethereal layer was evaporated. NMR analysis showed the product to consist of a mixture of 10 and 11 in the ratio of 2:1 (55%), ethyl cyanoacetate (15%), and the pyridine salt of 5 (30% Photolysis of 13b. The (E) isomer 13b (0.08 g, 0.27mmol) was photolysed through pyrex at 300 nm in anhydrous acetone (150 mL) under N 2 at room temperature for 3h. The solvent was evaporated and the residue was purified by radial chromatography (10% ethyl acetate/light petroleum) to give two main fractions.
The first fraction contained 4-chloroacetophenone (0.005 g, 10%), isolated as a colourless oil, the structure of which was confirmed by comparison with an authentic sample. (14), 77 (21), 43 (7). Photolysis of 13c. The (E) isomer of 13c (0.103 g, 0.36 mmol) was photolysed through pyrex at 300 nm in anhydrous acetone (150 mL) under N 2 at room temperature for 3h. Purification by radial chromatography (10% ethyl acetate/light petroleum) gave three fractions.
The first fraction contained 4-methoxyacetophenone as a pale yellow oil (0.016 g, 30%), the identity of which was confirmed by direct comparison with an authentic sample.
The second fraction contained ethyl 5-(4-methoxyphenyl)pyrrole-3-carboxylate 15c as a white solid (0.02 g, 23%), mp. (6) .
Photolysis of 13d
The (E) isomer (0.1 g, 0.32 mmol) was photolysed through pyrex at 300 nm in anhydrous 
Reaction of 3-methylisoxazol-5(4H)-one with ethyl but-2-ynoate
